In recent years increased concentrations of the polyamines putrescine, spermidine and spermine have been reported in body fluids from humans and animals with a variety of malignant disorders. In addition, changes occurring in the spermidine/putrescine ratio in urine from cancer patients receiving chemotherapy appeared to provide an indication of the success or failure of the particular chemotherapeutic regime (Russell et al., 1971(Russell et al., , 1975 Marton et al., 1973; Russell & Russell, 1975; Russell, 1977).
In recent years increased concentrations of the polyamines putrescine, spermidine and spermine have been reported in body fluids from humans and animals with a variety of malignant disorders. In addition, changes occurring in the spermidine/putrescine ratio in urine from cancer patients receiving chemotherapy appeared to provide an indication of the success or failure of the particular chemotherapeutic regime (Russell et al., 1971 (Russell et al., , 1975 Marton et al., 1973; Russell & Russell, 1975; Russell, 1977) .
To assess the prognostic capabilities of urinary polyamine determinations, it was first necessary to develop a routine assay procedure. Whereas Russell and her co-workers adapted an amino acid analyser to this end, Dreyfuss and his co-workers (Dreyfuss et al., 1973) and Seiler & Wiechmann (1 967) both described methods involving fluorescence quantification after t.1.c. separation of the dansyl* derivatives of the polyamines. Both these latter methods were subject to interference from urea and ammonia, and neither method allowed the separation of all three polyamines by a single chromatography system.
We have therefore developed an assay based on the same underlying principles, but in which these problems have been overcome.
Putrescine, spermidine and spermine were purchased from Sigma (London) Chemical Co. in the form of the hydrochloride salts. The aqueous standard solution contained 3mg of each polyamine, calculated as free base, per litre of solution. Dansyl chloride (Sigma) was dissolved in acetone to a concentration of 30mg/ml. Aspartic acid was dissolved in 1 . 5~-N a~C o~ to a concentration of 100mg/ml. Na3PO4,I2Hz0 (21 g) and anhydrous Na,H04 (62.5g) (both of analytical-reagent grade) were ground together in a mortar and pestle to form the salt mixture. All other chemicals were of analytical-reagent grade.
T.1.c. was carried out with silica-gel 60 HPTLC plates(Merck, Darmstadt, Germany) (10cm x 1Ocm). The chromatograms were developed in a single-plate Chromatank (Shandon Southern Ltd.). Specimens wereapplied to the t.1.c. plate with a 5 0~1 Hamilton syringe mounted in a Burkard hand micro-applicator.
Quantification was achieved by using a Perkin-Elmer MPF-2A fluorescence spectrophotometer equipped with a thin-layer scanning attachment.
A 3 ml sample of urine was mixed with an equal volume of conc. HCI in a Universal container and hydrolysed in an oven at 140°C for 16h. The hydrolysate was allowed to cool and 3 ml of 15 M-NaOH was added. The contents of the tube were heated at 3 0 T , and air was passed through the solution to remove NH3. The solution was made up to IOml with O~M -N~O H , and 3g of saIt mixture added to give a solution of free bases (pH > 12).
A 3 ml portion of the alkaline hydrolysate was then extracted with lOml of butan-1-01, and 8ml of the butanol layer was transferred to a separate tube. After addition of 100,d of conc. HCI, the butanol extract was evaporated to dryness.
To the dried extract 0.5ml of 1 . 5~-N a , C 0~ was added, followed by an equal volume of dansyl chloride. The tube was sealed and left overnight in the dark.
The large excess of dansyl chloride still remaining was removed by adding 0.5 ml of aspartate solution and leaving for 1 h in the dark. The dansyl-amines were then extracted into diethyl ether after addition of 2.5 ml of 0.5M-NaOH. The dansylaspartate remained in the aqueous phase during the extraction.
A 2.5ml sample of the ether layer was then evaporated to dryness and the residue was redissolved in 2 0 0~1 of chloroform. A portion (5pl) of this solution was applied to the t.1.c. plate, and the plate was developed in a cyclohexane/ethyl acetate (3:2, v/v) solvent system to a height of 8cm. The excitation wavelength was 340nm.
The plate was then removed from the solvent, air-dried for 5min and then replaced for a second development in the same direction.
After removal from the solvent the plate was sprayed with triethanolamine/propanol (1 :4, v/v) and left in the dark for 1 h.
The plate was scanned by using the Perkin-Elmer scanner, and the areas beneath the peaks were digitized by using a d-Mac plotting table and directly entered into an IBM 1800 computer for calculation.
The concentrations of the polyamines were calculated by reference to a standard solution of known concentration included on the same plate.
Each lOcm x lOcm plate could accommodate ten spots and in the routine assay eight tests, one standard and one control urine were included on each plate.
Putrescine, spermidine and spermine were easily quantified by this method, and, as shown in Fig. 1 , the chromatography system affords a clean separation of the three polyamines from each other and from other urinary components. We consider that this is a most important feature of the method.
The inclusion of 1,3-diaminopropane and 1 ,Sdiaminopentane in the standard allows the additional quantification of these diamines, with no change in the methodology.
When the addition of aspartate to the dansylated mixture was omitted, the plate became easily overloaded and streaking of excess dansyl chloride gave a high and variable baseline.
As reported by Seiler & Weichmann (1967) , spraying the plate with triethanolamine/ propanol gave improved sensitivity which in our hands represented an 8-fold increase in sensitivity for all three polyamines.
The within-batch error was calculated after measuring the same samples ten times. The coefficient of variation was 8.9% for putrescine, 7.4% for spermidine and 7.6 % for spermine.
Although greater precision is claimed for the amino acid-analyser technique (Marton et al., 1973), we were well able to distinguish between normal and elevated concentrations of polyamines in urine. Since our preliminary clinical results support the view that the ratio of spermidine to putrescine in urine may have greater prognostic significance than the actual polyamine concentrations (Russell et al., 1971) , the poorer precision Vol. 6 would be less relevant, since the major sources of errors incurred during sample preparation and application to the t.1.c. plate would be common to all components.
Our method is considerably shorter than that of Dreyfuss et af. (1973) , since scanning the t.1.c. plate rather than eluting the spots saves time and improves both sensitivity and precision.
We consider that the method would readily lend itself to routine use in a chemical pathology or biochemistry laboratory, since, although still a lengthy procedure, it is nonetheless a straightforward one. The fractionation of the polysulphated acidic glycosaminoglycan heparin by differential precipitation (Lasker & Stivala, 1966) , ion-exchange chromatography (Laurent, 1961) and gel-filtration chromatography (Johnson & Mulloy, 1976) produces fractions whose anticoagulant properties increase with increasing molecular weight.
Anderson et al. (1976) have suggested that specific activity measured by an anti-(factor Xa) assay changes over the molecular-weight range in a different manner from specific activity assayed by global clotting methods. Examples of global methods are the activated partial thromboplastin time and kaolinxephalin-clotting time, which measure the influence of heparin at several sites in the coagulation cascade.
In the present work we have looked at the relationship between molecular weight of fractionated and unfractionated commercial heparins and their specific activities in anti-(factor Xa) (Yin et af., 1973), kaolinxephalin-clotting-time and thrombin-clottingtime assays. Four commercial heparins were studied. Two (Upjohn Co. and Hungarian National Heparin) were of bovine lung origin, whereas two (Leo Laboratories and Riker Co.) were extracted from pig intestinal mucosa. They were fractionated by gel filtration on an agarose/polyacrylamide matrix (Ultrogel AcA44; LKB) by the method of Johnson & Mulloy (1976).
Eluting buffer was 0.02~-imidazole/HCI, pH7.4, containing 0.3~-NaCl. The eluted heparin was divided into five pools of equal volume. Heparin concentration was determined by metachromatic assay with Azure A (Lam et al., 1976) or by measurement of uronic acid by a carbazole method. The extreme high-(>22700) and low-(<10300) molecular-weight fractions uwally each comprised less than 5 % of the initial load on the column. Fractionation was also performed on ECTEOLA-cellulose by the method of Laurent (1961) by using O.IM-HCI at 4°C and eluting with increasing NaCl concentrations. Fractions of increasing Stokes radius or mean molecular weight were eluted with 0.6, 1.4 and ~M -N~C I . After desalting on Sephadex G-25, fractions were assayed against 3rd International Standard heparin in the three assay systems specified above.
It is not possible to measure the molecular weight of heparin with gel filtration by comparison with protein markers, owing to heparin's highly anionic nature. However, it has been shown that when heparin fractions whose molecular weights have been
